This investigation examined the effect of supplementation with Biostimine, extract from aloe arborescens Mill. leaves, on the levels of pro-oxidant-antioxidant equilibrium markers and anti-and proinflammatory cytokines in rowers subjected to exhaustive exercise. This double-blind study included 18 members of the Polish Rowing Team. Subjects were randomly assigned to the supplemented group (n = 9), which received one ampoule of Biostimine once daily for 4 weeks, or to the placebo group (n = 9). Subjects performed a 2,000-meter-maximum test on a rowing ergometer at the beginning and end of the preparatory camp. Blood samples were obtained from the antecubital vein before each exercise test, 1 min after completing the test and after a 24-hr recovery period. Superoxide dismutase and glutathione peroxidase activity as well as the concentration of thiobarbituric acid reactive substances (TBARS) were assessed in erythrocytes. In addition, total antioxidant capacity (TAC) and creatine kinase activity were measured in plasma samples, and cytokine (IL-6, IL-10) concentrations were determined in the serum. Before and after Biostimine supplementation, exercise significantly increased the values of SOD, IL-6, IL-10, and TBARS in both groups. However, postexercise and recovery levels of TBARS were significantly lower in athletes receiving Biostimine than in controls. After supplementation, TAC was the only variable with the level being significantly higher in the supplemented group than in the placebo group. Consequently, we can conclude that Biostimine supplementation reduces the postexercise level of TBARS by increasing the antioxidant activity of plasma but has no effect on inflammatory markers.
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The results of previous studies suggest that enhanced metabolism, providing for the energy requirements associated with physical exercise, is associated with intensified generation of reactive oxygen species; this may result in redox status disturbance and oxidation of cell macromolecules as well as in the disorders of the normal functioning of the immune system (Hurst et al., 2009; Jong-Shyan & Chia-Te, 2010) . These consequences pertain mostly to high intensity or prolonged exercise. Nevertheless, the exact mechanism behind these processes is not fully understood. It is supposed that the excessive generation of free oxygen radicals leads to the injury of erythrocyte membranes (due to the peroxidation of lipids), increasing the risk of hemolysis. The resultant increase in the serum concentration of ionized iron may be reflected by the enhancement of free radical-mediated reactions on one hand, and the decreased capacity of the immune system with resultant increase in susceptibility to infection on the other (König et al., 1998) .
As described in the literature, postexercise depression of the immune system is reflected by a higher incidence and longer duration of infections-especially upper-respiratory tract infections, or URTIs (Chandra, 1997; Peters et al., 2010) . In view of the fact that recurrent and chronic infections are associated with many immune deficiencies, administration of dietary supplements that modulate the function of the immune system-the so-called immunostimulants-is advisable in athletes (Nieman, 2008) .
Aside from other mechanisms, the immunomodulatory effect of plant extracts results from the stimulation of cytokine and growth factor synthesis as well was from the direct modification of cells' effector functions. These effects are mediated by metabolites of highly variable structure, including high molecular weight compounds such as polysaccharides and glycoproteins (e.g., lectins) as well as low molecular weight compounds (e.g., polyphenols, terpenes, and quinones).
The immunomodulatory effects of Aloe arborescens Mill. were some of the first to be documented. Aloe arborescens is one of more than 300 representatives of Aloe spp. For more than 50 years, it has been used therapeutically in the form of aqueous leaf extract. Medications and dietary supplements may be produced from the stroma, pulp, or juice obtained from the raw leaves, depending on legal requirements. Phytochemical studies revealed that material obtained from this plant contains glycoproteins (lectins), poly-and monosaccharides (including glucose, galactose, mannose, and arabinose), minerals (Zn, Mn, Cu, Co, Ni, Mo), and carboxypeptidase group enzyme, which shows bradykinase activity. The immunotropic and anti-inflammatory properties of Aloe arborescens result from the presence of polysaccharides. They activate the synthesis and release of IL-1 and IL-6, which initiates the entire cascade of cellular reactions and is associated direct or indirect anti-inflammatory, antiviral, antidiabetic, and antineoplastic effect (Białas-Chromiec, 2002) . In vitro and in vivo studies of human lymphoid cells documented the immunomodulatory effect of Aloctin A as well as mitogenic stimulation of lymphocytes, binding of alpha-2-macroglobulin, activation of complement system, and anti-inflammatory effect of glycoproteins isolated from the leaves of Aloe arborescens (Horoszkiewicz et al., 2005) . The aqueous extract of Aloe arborescens leaves inhibits the degranulation of mastocytes, slowing down the release of histamine from antigen-induced cells in a concentration-dependent manner. Biostimine, containing the aqueous extract of Aloe arborescens leaves showed stimulatory effect in tests examining the parameters of cellular and humoral immunity. The degree of improvement of the immune parameters depended upon the dose and route of administration (Białas-Chromiec, 2002) .
The degree of oxidative injury resulting from physical exercise is determined by an array of factors-including the intensity and duration of the training, the level of body adaptation to exercise, and the efficiency of endogenous and exogenous mechanisms of antioxidant protection involved in the deactivation of free radicals. According to literature, the redox equilibrium remains stable during exercise characterized by moderate intensity and duration (Dixon et al., 2006; Goto et al., 2003) . In contrast, an increase in the exercise intensity to maximal or submaximal level and marked prolongation of its duration can be reflected by the enhanced synthesis of free radicals, leading to the intensified oxidative modification of lipids, proteins, or nucleic acids (Bachur et al., 2007; Dawson et al., 2002; Miyazaki et al., 2001) .
Maximum 2,000-m rowing test is one of the most frequently used protocols for evaluating physical capacity in rowing at a competitive level as it resembles the conditions of the actual competition in terms of action, duration, and intensity (Hagerman et al., 1996) . Previous studies revealed that an all-out 2,000-m rowing race simulation test markedly induces blood oxidative stress (Kyparos et al., 2012; Kyparos et al., 2009; Skarpańska-Stejnborn et al., 2009 ) and causes an increase in proinflammatory cytokine concentration in well-trained rowers (Skarpańska-Stejnborn et al., 2010) . The source of the increased oxidative generating capability observed postexercise remains unknown and may be a consequence of the interrelationship between exercise-induced ROS and proinflammatory events.
Consequently, administration of Aloe arborescens containing biologically active compounds showing both antioxidant and anti-inflammatory properties (Białas-Chromiec et al., 2000) can have a positive impact on athletes subjected to intense exercise load.
To date, there were no studies confirming the antioxidative effect of Biostimine with regards to the exercise-induced peroxidative changes. Therefore, we decided to verify if and to what extent the administration of the water extract of Aloe arborescens can attenuate the consequences of oxidative stress induced by intense physical exercise, and if the administered immunostimulant exerts positive effect on the level of selected pro-and anti-inflammatory cytokines in individuals exposed to intense exercise.
Materials and Methods

Study Population
The study population consisted of 18 male members of the Polish Rowing Team (16 heavyweight and 2 lightweight rowers). The athletes' basic characteristics and sport classes are summarized in Table 1 . The study was performed between March and May during a 6-week training camp between the preparation and competition periods. Data concerning training profile-such as intensity, volume (min), distance (km) and type (rowingspecific: endurance, technical, speed, etc.; nonspecific: jogging, strength) were recorded daily. All training data were analyzed for intensities below and above the lactate Proteins (g/kg) 2.2 ± 0.7 1.9 ± 0.4 2.3 ± 0.8 2.0 ± 0.7
Fat (g/kg) 2.1 ± 0.5 1.8 ± 0.5 2.2 ± 0.6 1.9 ± 0.6
Carbohydrates (g/kg) 5.4 ± 1.4 6.5 ± 2.5 5.1 ± 1.6 6.9 ± 2.5
Calcium ( daily for 4 weeks. At the same time and with the same dosing regimen, subjects in the placebo group received an ampoule containing a substance with no significant caloric value or biological activity (saline). The appearance and taste of the placebo were identical to those of Biostimine.
To minimize the possible bias caused by subjective factors, Biostimine and the placebo were placed in identical ampoules equipped with labels containing the code of the preparation and the recommended dosage. An appropriate measuring utensil was affixed to each bottle. The codes of preparations were decoded after the completion of the study.
All subjects received information about the nature of the investigation and provided their written, informed consent to participate in the study. The study protocol was approved by the ethics committee at the Poznañ University of Medical Sciences.
Training Program
Training volumes (expressed in min per day) during the week preceding the first term of assessment (Trial I) and during the week preceding the second term of assessment (Trial II)-specific to extensive rowing, intensive rowing, kilometers, and extensive nonspecific training-are shown in Table 3 . In the load training phase (before the first assessment), the training volume amounted to 1,425 min·wk -1 , of which approximately 58% were extensive rowing, 34% was nonspecific training such as power training, and the rest was intensive rowing. Total training volume before the second assessment was 1,119 min·wk -1 and comprised approximately 60% extensive rowing, 12% intensive rowing, and 28% land training. acid (LA) threshold of 4 mmol/L and classified as extensive (below the lactate threshold) or intensive (above the lactate threshold) workload.
Food Intake
Throughout the entire study period, athletes resided and took their meals exclusively at one of the Olympic Games Training Centers. Their regular menu consisted of a mixed diet containing the recommended dietary allowance of carbohydrates, proteins, fats, and micronutrients (vitamins and minerals) in accordance with the recommended daily allowance (RDA) of the Polish Nutrition Societies (Ziemlański, 2001) . Athletes' daily food, caloric, and fruit and vegetable intake were constant throughout the study period. To minimize the differences in dietary intake before each main trial, a 3-day weighedfood record was obtained from each participant before the main trials. Dietary analyses were performed using commercially available Diet 2.0 software (Charzewska et al., 2002;  Table 2 ).
According to athletes' statements, no drugs, medication, or nutritional supplements were used during the 2 weeks preceding the study or during the study.
Experimental Procedure
Athletes enrolled in the study were randomly assigned to receive Biostimine (supplemented group, n = 9), or placebo (placebo group, n = 9). Biostimine contains water and a water-soluble extract from the leaves of the triennial plant Aloe arborescens Mill. (1: 4), which is cultivated in the greenhouses of Herbal Industry Phytopharm Kleka S.A.
The rowers in the supplemented group were orally administered one ampoule (1 ml) of Biostimine once 
Rowing Performance Test
The athletes performed a controlled 2,000-m time test on the first day (before supplementation) and at the end of the training camp (after supplementation). Each subject had to cover the distance on a rowing ergometer (Concept II, USA) in as short a time as possible. Because the results of both tests were taken into consideration during the selection to the championship team, the athletes were well motivated to perform both tests at maximal effort. Before each test, subjects performed a 5-min individual warm-up.
Sample Treatment
Blood samples were obtained from the antecubital vein, with dipotassium ethylene diamine tetra-acetic acid (K 2 EDTA) used as an anticoagulant. Blood samples were obtained before each 2,000-m test (in the morning after an overnight fast), 1 minute after completing the test, and after a 24-hr recovery period. Samples were centrifuged immediately to separate red blood cells from plasma. Packed erythrocytes were washed three times with saline and lysed with ice-cold, redistilled water. Plasma, serum, and lysed erythrocytes were frozen immediately and stored at -80°C until use. In addition, capillary blood samples were obtained from a finger prick before and after each exercise test to assess athletes' LA levels.
Measurements
Total antioxidant capacity (TAC), which is used as an overall measure of plasma antioxidant capacity, was assessed with a commercially available kit (Randox-TAC, Cat No. NX 2332, UK). This assay determines the interaction between chromogen (2,2'-azino-di-[3-ethylbenzthiazoline sulphonate], ABTS·) and ferrylmyoglobin, a free radical formed during the reaction between metmyoglobin and hydrogen peroxide.
Superoxide dismutase (SOD) activity was measured in washed erythrocytes after lysis by means of a commercially available kit (Randox-Ransod, Cat No. SD 125, UK). SOD catalyzes the dismutation of superoxide anion (O 2 @-), which leads to the formation of oxygen and hydrogen peroxide. The determination of SOD activity was based on the production of O 2 by the xanthine and xanthine oxidase system. SOD activity was expressed in units per gram hemoglobin (U/gHb).
Glutathione peroxidase (GP x ) activity in the hemolysate samples was measured using a commercially available kit Cat No. RS 506, UK) . GP x catalyzes the oxidation of reduced glutathione in the presence of cumene hydroperoxide. The rate of glutathione oxidation was measured by monitoring the disappearance of NADPH+H + in the reaction medium. GP x activity was expressed in U/gHb.
Concentrations of thiobarbituric acid reactive substances (TBARS) in the hemolysate samples were assessed as a measure of oxidative damage to red blood cells. TBARS concentrations were evaluated using the method described by Buege and Aust (1991) , which involves the acidic breakdown of lipid peroxides into malondialdehyde molecules. TBARS concentrations (malondialdehyde equivalents) were expressed in micromoles per gram hemoglobin (μmol/gHb). Serum interleukin 10 (IL-10) concentrations were determined by enzyme immunoassay methods using a commercially available kit (R&D Systems, Minneapolis, USA; total CV: 6.7%).
Serum interleukin 6 (IL-6) concentrations were determined by enzyme immunoassay methods using a commercially available kit (R&D Systems, Minneapolis, USA; total CV: 5.2%).
Creatine kinase (CK) activity was determined in plasma samples with a commercially available kit (Dr Lange, Cat No.LCN 282, Germany). The results were expressed in U/L.
The concentration of hemoglobin in hemolysate was assessed using the cyanmethemoglobin method with Drabkin's reagent and maximal absorbance at 540 nm. The results were expressed in g/100 ml.
The lactate levels in capillary blood were determined immediately after sample collection using a commercially available kit (Dr Lange, Cat No. LKM 140, Germany). The lactate concentration was expressed in mmol/L.
Statistical Analysis
Statistical analyses were performed using the STATIS-TICA v. 9.0 software package. Redox parameters, IL-6 and IL-10 levels, and CK activity were compared using 2 (supplemented and placebo groups) × 3 (times of measurement) repeated measures analysis of variance (ANOVA). The data distribution was analyzed using the Shapiro-Wilk test. If significant changes were observed in ANOVA tests, Fisher's post hoc test was applied to locate the source of significant differences. Student's unpaired t test was used to compare the diet and the anthropometric characteristics of the study groups. Except for the rowing time, the results of the 2000-m tests performed before and after supplementation were analyzed for within-group comparisons using Student's paired t test and for between-group comparisons using Student's unpaired t test. A one-way analysis of variance (ANOVA) was performed to analyze the times during the 2000 m simulated rowing test. All values were reported as the mean ± SD. Statistical significance was set at p < .05.
Results
Subjects in the supplemented group were similar to the placebo group with respect to mean age, height, body mass, and years of training (Table 1) . Table 3 summarizes the training load of studied rowers during the week preceding the supplementation (Trial I) and the week before the end of the supplementation (Trial II).
The study groups did not differ significantly in terms of mean power output, blood lactate levels, and total run time during the 2000-m test performed at the beginning of the training camp (Table 4) .
There were no intergroup differences in the diet 3 days before each main trial with regards to the daily energy intake, carbohydrates, proteins, fats, and composition of macro-and micronutrients (Table 2) . Table 5 shows the comparative analysis of endogenous antioxidant potential parameters. ANOVA has revealed that physical exercise significantly influenced SOD activity directly after ergometry in both groups before and after 4 weeks (p = .00017; p < .05). In contrast, GP x activity was not significantly affected by supplementation and did not change significantly throughout the exercise period.
Aloe arborescens treatment had significant effects on plasma TAC (p = .00017; p < .05; Figure 1 ). This result was mainly due to a significantly higher plasma total antioxidant capacity before and after 24-hr recovery .041
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.374 SOD = superoxide dismutase; GP x = glutathione peroxidase; CK = creatine kinase; SUPL = supplemented group; PLA = placebo group * P < .05 relative to the placebo group † P < .05 relative to pre-exercise Figure 1 -Changes in free radical production and antioxidant capacity levels during exercise tests performed before and after the supplementation (mean ± SD). Note. TBARS = thiobarbituric acid reactive substances; TAC = total antioxidant capacity; PLA = placebo group; SUPL = supplemented group; * P < .05 relative to the placebo group; † P < .05 relative to pre-exercise.
in the supplemented group compared with the placebo group (P=.00002; p < .05). Figure 2 presents changes in inflammatory markers. ANOVA indicated that physical exercise significantly influenced the values of these parameters. Ergometry performed during the study yielded similar changes in IL-6 and IL-10 levels for both groups. Before and after the training camp, serum IL-6 and IL-10 levels were significantly higher postexercise than preexercise (respectively P =. 00007, P =.004; p < .05).
TBARS levels (Figure 1) were significantly affected by supplementation (main effect p = .018; p < .05) and the exercise test (p = .00035; p < .05). In both groups, exercise caused a significant increase in oxidative stress parameters after 24-hr recovery before the training camp. After supplementation, postexercise and recovery levels of TBARS were higher in the control group than in the supplemented group.
ANOVA showed a significant interaction effect of exercise on plasma CK activity. At the beginning of the study, CK concentrations were significantly higher immediately after ergometry than before exercise in both groups (Table 5 ).
Figure 2 -Changes inflammatory markers during exercise tests performed before and after the supplementation period (mean ± SD). Note. IL = interleukin; PLA = placebo group; SUPL = supplemented group; † P < .05 relative to pre-exercise.
Discussion
Our study has shown that the administration of extract from the leaves of the triennial plant Aloe arborescens Mill. exerts a positive effect on the total plasma antioxidant level of rowers. Compared with other tissues (e.g., erythrocytes), plasma contains relatively small amounts of antioxidant enzymes (SOD, GP x , catalase; Stocker & Frei, 1991) . Therefore, the nonenzymatic plasma antioxidants play a crucial role in limiting the activity of reactive oxygen species. Intensive physical exercise is associated with a reduced level of plasma antioxidants (Groussard et al., 2003) , leading to an elevated concentration of insufficiently inactivated free radicals, which can induce the peroxidation of polyunsaturated fatty acids in cellular membranes, among others. A significant postexercise reduction in TBARS was documented solely in the Biostimine-stimulated group (Figure 1) . Because the supplemented group and the control group were subjected to the same dietary regimen and training load, the difference in TBARS level appears to result exclusively from supplementation. Detailed phytochemical analyses of Aloe arborescens extracts revealed the presence of compounds with antioxidant properties. Amoo et al. (2012) reported antioxidant and free radical scavenging effects of cytokinin derivatives in aloe. The content of carotenoids also seems favorable (Kudritskaya et al., 1986) , because, as stated by Yeum et al. (2005) , there is a direct association between plasma carotenoid levels and the extent of lipid oxidizability. Consequently, the higher antioxidant activity of plasma may constitute an important factor responsible for the "control" of oxidative stress. Groussard et al. (2003) observed that a low resting level of nonenzymatic antioxidants in human plasma is reflected by a markedly higher concentration of lipid radicals, which are considered a marker of oxidative stress. According to these authors, exercise-induced changes in plasma antioxidant level may constitute an adaptive response to high-intensity training and reflect the mobilization of body resources aimed at protecting cells against oxidative stress. This hypothesis has been confirmed by Kyparos et al. (2009) , who observed that despite a postexercise increase in TAC, rowing training at a 2000-m distance resulted in antioxidative stress, which manifested in a 45% increase in lipid peroxidation products and a 70% increase in carbonyl group. These authors postulated that disorders of pro-oxidant-antioxidant equilibrium occur irrespective of the high conditioning level of the examined athletes.
Antioxidant enzymes support and assist the nonenzymatic protective mechanisms. The activity of these enzymes is higher in individuals with greater physical capacity, and their rate of biosynthesis is modulated by the intensity and duration of physical exercise (Margaritis et al., 2003) . Finaud et al. (2006) suggested that the increased activity of antioxidant enzymes observed during the initial phase of exercise reveals adaptation to the exercise, and the exercise-related reduction of their activity results from excessive or prolonged oxidative stress.
In both terms of this study, increased activity of SOD, an enzyme that catalyzes the dismutation of superoxide anion radical to hydrogen peroxide and oxygen, was observed in blood samples obtained immediately after the ergometric test. In contrast, there were no significant changes in GPx level. Furthermore, supplementation with aqueous extract from raw Aloe arborescens Mill. leaves did not cause significant changes in the activities of the studied enzymes. According to Beppu et al. (2003) , extract obtained from cooked aloe leaves is characterized by markedly higher amounts of antioxidants compared with the raw leaf extract. These authors postulated that the antioxidant properties of Aloe arborescens Mill. are mediated by plant phenols (i.e., 2'-O-p-coumaroylaloesin, 2'-O-feruloylaloesin) rather than by such antioxidant enzymes as SOD, as the latter are inactivated by cooking.
It should be mentioned that Aloe arborescens Mill. extract interacts with and significantly inhibits DPPH radical (1,1-diphenyl-2-picrylhydrazyl), confirming its high antioxidant potential . Studies in animal models revealed positive effects of aloe on azoxymethane-induced colorectal cancer in rats (Shimpo et al., , 2006 . According to the authors of the abovementioned studies, a 35-week administration of aloe in the diet of the examined rodents was not associated with any serious side effects.
Our study revealed that intensive physical exercise results in significant postexercise changes in the levels of analyzed pro-and anti-inflammatory cytokines. According to Main et al. (2009) , higher IL-10 level is associated with the longer training duration of the examined rowers. Also our study revealed a positive association between training duration and IL-10 level; reducing the volume of training by 306 min per week during the second study term (after supplementation, Table 2 ) resulted in a lower resting level of this cytokine (Figure 2 ).
Both study terms were associated with large increases (near doubling) of IL-6 and IL-10 levels in the examined rowers. Increased IL-6 is one of the important reasons underlying the fatigue, pain, and mood changes (Vollmer-Conna et al., 2004) that are commonly observed after intensive physical exercise. This finding was confirmed by studies examining the Australian National males' lightweight crew. The rowers were monitored every 2 weeks during an 8-week training period before the 2007 World Rowing Championships. An increase in IL-6 level in rowers was associated with typical overload symptoms: depressed mood, sleep disorders, and fatigue. In contrast, increases in energy resulted from reduced IL-6 (Main et al., 2010) .
The results of murine studies confirmed that the administration of Biostimine exerts an extremely strong stimulatory effect on cellular response, which is associated with enhanced antibody synthesis. In addition, the immunostimulatory effect of Biostimine and its underlying mechanism are markedly modulated by the dose and route of administration. Biostimine exhibits a stimulatory effect at a lower dose when administered orally than when administered subcutaneously (Białas-Chromiec et al., 2000) . Although the supplement was administered orally in the current study, no significant effects of aloe extract supplementation on the level of studied pro-or anti-inflammatory cytokines were observed. The lack of significant differences in the concentrations of studied cytokines in the supplemented group and the controls could result from overly long duration of supplementation (4 weeks). In animal model, the positive influence of Biostimine on the immune system was observed as early as after one week, but only at small doses. In contrast, higher doses administered orally did not exert any effect on both the cellular (Białas-Chromiec et al., 2000) and humoral response (Skopińska-Rózewska et al., 2011) of examined animals.
To the best of our knowledge, there is no previously published research concerning the effects of the administration of Aloe arborescens Mill. extract in healthy individuals participating in professional sport. The results of the current study suggest that preventive administration of immunostimulants may have no effect on the transient reduction in athletes' immunity that is observed after intensive physical exercise. However, additional research is required to confirm this hypothesis.
Conclusions
This study, including the members of the Polish Rowing Team confirmed that intense physical exercise shifts prooxidant-antioxidant equilibrium toward oxidation. Four-week administration of Biostimine, a water-soluble extract from the leaves of the triennial plant Aloe arborescens Mill, was reflected by an increase in the plasma level of antioxidants in the supplemented group, and reduced the postexercise injury of erythrocyte lipids expressed by TBARS level. However, we did not observe the effect of Biostimine on the level of pro-and anti-inflammatory cytokines in studied rowers.
In view of our findings it seems reasonable to include the analysis of humoral and cellular immunity among the objectives of further research, and to determine the parameters which are directly associated with the immunochemical status of body (such as the levels of immunoglobulin, prostaglandins, and the components of complement system, total leukocyte count, and differential analysis of granulocyte, and B and T cell subpopulations).
